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Abstract: The three—dimensional X-ray diffraction (3DXRD) is a new, advanced technique for materials characterization. This
technique utilizes high—energy synchrotron X-rays to characterize the 3D crystallographic structure and strain/stress state of bulk
materials. As the measurement is non—destructive, the microstructural evolution as a function of time can be followed, i.e. it
allows 4D (x, y, z characterizations, ¢). The high brilliance of synchrotron X-rays ensures that diffraction signals from
volumes of micrometer scale can be quickly detected and distinguished from the background noise, i. e. its spatial resolution can
be micrometer scale and the measurement can be conducted within a reasonable time frame (a few hours). The 3DXRD
microscope has originally been developed in cooperation between former Risg National Laboratory and the European Synchrotron
Radiation Facility. Currently, this technique has been implemented in several large synchrotron facilities, e. g. the Advanced
Photon Source (APS) in USA and the Spring—8 in Japan. Another family of 3DXRD technique that utilizes white beam
synchrotron X-rays has also been developed in parallel in cooperation between Oak Ridge National Laboratory and APS. This
article reviews the 3DXRD technique. The content includes the idea behind the technique, the principle and specification
(spatial,, angular, temporal resolutions and sample environment etc. ) of the technique. Several applications of the techniques in
metallurgy are given, including: grain —scaled stress analysis during tensile deformation, recrystallization growth kinetics,
recrystallization nucleation, growth of individual recrystallized grain, grain growth after recrystallization, and local residual strain/
stress analysis. The recent development of the 3DXRD technique and its potential use for materials science in the future will be
briefly discussed at the end.
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Fig.2 Example of raw images acquired with the 3D detector at
a specific rotation angle, @. The sample is an annealed
Al1050 polycrystalline with grains of average size 70 um.
The X-ray energy was 55 keV. (a) Near—field image at
a distance of 7 mm from the sample, and (b) far—field

image at a distance of 190 mm '®)
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Fig. 3 Measured 2D projections of the axial stress component (33 in color) overlaid with the contour levels from the simulations
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Fig.4 A selection of growth curves for supercube grains (a) and other cube—grains (b) measured using 3DXRD during in situ annealing at

130 C. The sample is ~25% recrystallized at the end of the measurement (after ~250 min annealing) ')
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Fig. 5 Position of six nuclei in Al cold rolled 30% and annealed

&l 5

to the beginning of recrystallization (a). Plane section and side
sections of the microstructure as characterized by 3DXRD and

EBSP (b), respectively, with nuclei positions marked by numbers '/
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Fig. 6 Snapshots of the reconstructed 3D grain at different time

steps during its growth using topo—tomography technique.
The length of the legs of the tripod indicating the reference

frame is 42 pm 117
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